Background: Lymphatic endothelial cell (LEC) immunohistochemical markers have
Conclusions and Clinical Importance: Lymphatic endothelial cell immunolabeling identified presumptive proprial mucosal lymphangiectasia in CIE dogs, particularly in the ileum of hypoalbuminemic dogs. Routine evaluation of villous lacteals likely underestimates abnormalities of the lymphatic vasculature in dogs with CIE.
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| INTRODUCTION
Chronic inflammatory enteropathy (CIE) refers to conditions of the intestinal tract that are characterized by the presence of gastrointestinal signs of at least 3 weeks' duration, histologic evidence of intestinal inflammation, and the exclusion of neoplastic, infectious, and extra-gastrointestinal causes of gastrointestinal signs. [1] [2] [3] Intestinal lymphangiectasia (IL) is a disorder of dilated lymphatic vasculature at any level of the intestinal lymphatic system. Although it can be a primary condition, it also can occur secondary to a variety of other intestinal disorders, including CIE.
When it occurs secondary to CIE, it is presumably a result of increased lymphatic pressure associated with inflammatory infiltrates in the intestine, and may result in hypoalbuminemia, or protein-losing enteropathy (PLE), because of direct loss of protein-rich lymph, lymphatic dysfunction, or both. [4] [5] [6] Several recent studies have found a relationship between serum albumin concentrations and IL in cases of idiopathic CIE in the dog, however lymphatic abnormalities have been inconsistently reported. [7] [8] [9] Lymphangiectasia can be underappreciated on routine histopathologic examination of the intestine, because it can have a segmental distribution and, in some cases, be confined to deeper layers of the intestine that may not be sampled endoscopically. 5, 6 Lymphatic abnormalities can be similarly confined to the deeper layers of the intestine in cases of Crohn's disease (CD), [10] [11] [12] a type of inflammatory bowel disease in humans characterized by idiopathic inflammation that can be localized to the ileum or found diffusely throughout the small intestine. 13 In some cases of CD, dilated lymphatics are not identified in the superficial mucosa, but rather found in the deeper mucosa, submucosa, and muscularis layers of the intestine, as well as in the mesentery. 14, 15 In humans with CD, immunolabeling with lymphatic endothelial cell (LEC)-specific markers is superior to standard microscopy for identifying abnormalities of the lymphatic vasculature, including lymphangiectasia, and obstructed lymphatics. 15 Lymphatic endothelial cells are derived from venous progenitor cells and express various antigens that distinguish them from blood vessel endothelial cells. 16 Lymphatic endothelial cell markers are numerous and include human prospero homeobox (Prox-1), a nuclear transcription factor, 17 and lymphatic vascular endothelial hyaluronic acid receptor (LYVE-1). 18 Prox-1 and LYVE-1 immunolabeling previously has been used to differentiate types of angiosarcomas in the dog, 19 but to our knowledge has not been used to evaluate the intestinal lymphatic vasculature in dogs with CIE.
Our objective was to utilize the LEC markers Prox-1 and LYVE-1 to identify and evaluate the intestinal lymphatic vasculature in endoscopic biopsy samples of dogs with CIE, and to determine whether abnormalities associated with the lymphatic vasculature were related to serum albumin concentrations in dogs with idiopathic CIE. 20 For the severity of each change, the following scores were applied based on established criteria: 0 = normal, 1 = mild, 2 = moderate, and 3 = marked. Scores for LD were based on the most severely affected villus in each case. If the lacteal occupied 0%-25% of the villus width, a score of 0 was given, 25%-50% was a score of 1, 50%-75% was a score of 2, and >75% of the width of the villus resulted in a score of 3.
| MATERIALS AND METHODS

| Study population
| Immunohistochemistry
All immunohistochemical (IHC) labeling was performed using a Leica
Bond III immunostainer (Leica Biosystems Inc, California, Illinois).
Formalin-fixed paraffin-embedded tissues were sectioned at 5 μm and mounted on positively charged slides for IHC. Dewaxing and epitope retrieval were performed using the Bond III instrument. Epitope 
| Immunohistochemical evaluation
The Prox-1 and LYVE-1 IHC slides as well as negative control slides were 
| Statistical analysis
Descriptive statistics were calculated for age, sex, weight, duration of illness, CCECAI scores, and histopathological scores. The distribution of data for statistical analysis was assessed by the Shapiro-Wilk test.
Data were not normally distributed. Spearman (rank-based) correlation was used to evaluate relationships between the lymphatic variables and serum albumin concentration in each section of intestine.
Spearman (rank-based) correlation also was performed to assess the relationship between the routine LD score as assessed by the blinded pathologists based on WSAVA guidelines and the VLW and MLW in each section of the intestine. For Spearman, a statistically significant correlation score of (+/−) 0.3-0.5 was considered a weak correlation, (+/−) 0.5-0.7 a moderate correlation, and (+/−) 0.7-1.0 a strong correlation. 21 All statistical analysis was performed using GraphPad Prism scientific statistic software (Graph Pad Prism, GraphPad Software, Inc, San Diego, California). Statistical significance for all statistical comparisons was set at P < .05.
| RESULTS
Thirty dogs were screened for inclusion in the study. All dogs were fasted for a minimum of 24 hours before endoscopic examination and biopsies. After routine histopathologic evaluation, 1 dog was diagnosed with intestinal lymphoma and therefore was excluded from the study.
Ileal biopsy samples were not obtained in 2 dogs, which prompted exclusion from the study. In 3 additional cases, the quality of the endo- Table 1 . Age and sex were not different between dogs with CIE-PLE and dogs with CIE-N.
The Prox-1 and LYVE-1 immunolabeling of lymphatics from a nonstudy dog with a histopathologic diagnosis of marked lymphangiectasia in the duodenum and ileum was used as a positive control. Human prospero homeobox has been reported to be variably expressed in enteroendocrine epithelial cells in the crypts. 22 In our cases, Prox-1 labeling was visible in some individual crypt epithelial cells but was easily differentiated from lymphatic vessel endothelial labeling. Although LYVE-1 is expressed by some macrophages in the intestine, 23 this staining was easily distinguishable from lymphatic vessel endothelial labeling. Lymphatic endothelial cell labeling was not observed on any of the negative control slides. Examples of immunolabeled villus lymphatics are shown in Figure 1 . Examples of immunolabeled proprial mucosal lymphatics are shown in Figure 2 . Villus lacteal width in the ileum was weakly negatively (rho = −.4644) correlated with serum albumin concentration (P = .02). Proprial MLW in the ileum was moderately negatively (rho = −.6514) correlated with serum albumin concentration (P < .001). 21 Summary statistics and correlation data for lymphatic variables with serum albumin concentration are presented in Table 2 .
Routine H&E LD scores as determined by blinded board-certified pathologist and pathologist-in-training were assessed for correlation to the width of the villus and proprial mucosal lymphatics (VLW and MLW, respectively) as determined by IHC for each tissue section.
Duodenal LD was weakly positively correlated with duodenal VLW (rho = .4634; P = .02) but not correlated with duodenal MLW (rho = .2767; P = .19). Ileal LD was moderately positively correlated with ileal VLW (rho = 5292; P = .008) but not correlated with ileal MLW (rho = .3889; P = .06).
| DISCUSSION
We utilized LEC-specific markers to evaluate the intestinal lymphatic Ileal total WSAVA score 7 (0-14) 2 (1-11)
Notes: LD, mucosal, and inflammatory histologic scores reported in this a blinded veterinary pathologist and veterinary pathologist-in-training to score histopathologic lesions in the intestine using established guidelines, histopathologic evaluation of the intestine in dogs is known to be subjective with significant interobserver variation. 27, 28 A final limitation is that 2 dogs in the study did not have hypoadrenocorticism definitively excluded before their enrollment in the study. Both dogs had previously been treated with glucocorticoid treatment without clinical improvement and hypoadrenocorticism therefore was considered unlikely. Ideally, it would have been excluded definitively.
In conclusion, the use of LEC IHC allowed for identification of both villus and apparent proprial mucosal IL in dogs with CIE. Several abnormalities of the intestinal lymphatic vasculature were correlated with lower serum albumin concentrations. The most notable finding was the discovery of apparently distended proprial mucosal intestinal lymphatics using LEC IHC, the most striking of which was seen in the ileum of dogs with CIE and concurrent PLE. This apparent proprial mucosal lymphangiectasia had not been recognized on routine H&E evaluation of the lymphatics. Routine LD scoring using H&E did not correlate with the changes in the proprial mucosal lymphatics, which suggests that evaluation of the villus lacteals alone can underestimate abnormalities to the lymphatic vasculature in dogs with CIE. This finding should be assessed in a larger group of dogs with CIE with and without concurrent hypoalbuminemia because the identification of lymphangiectasia deeper in intestinal biopsy samples will impact the therapeutic management of these cases.
